Abstract. Local earthquake P trave!time data is inverted to obtain a three-dimensional tomographic image of the region centered on the junction of the San Andreas and Calaveras faults. The resulting velocity model is then used to relocate more than 17,000 earthquakes and to produce a model of fault structure in the region. These faults serve as the basis for modeling the topography 
Introduction
In California, the North American Pacific Plate boundary consists of a network of mostly right-lateral strike-slip faults that collectively accommodate most of the relative motion. Parts of the region that we examine have been studied before. In most cases, if not all cases, we consider that the velocity models and earthquake locations we provide are better than earlier efforts. However, the main object of studying a large region is not to improve upon these detailed earlier studies. The purpose is to provide a global view of a tectonically significant region in a form that can be used to understand active tectonic processes better. The consistency of our results with earlier studies, which have employed different ray tracing methods and inversion algorithms, gives us reason to believe that our results are to be trusted.
To illustrate an application of our results, we use them to refine the fault geometry in the Hollister region. Thiss in turn is used to model the topography of the Hollister region using elastic dislocation theory. Studies of the crustal and upper mantle structure along the San Andreas fault system have been conducted for more than half a century. Seismic refraction profiles have been interpreted by Walter and Mooney [1982] , Bliim!ing and Prodehl [1983] , BliirnIing et al. [1985] , and Mooney and Colburn [1985] . The area is crossed by the Centennial Continent-Ocean Transect C2 [Saleeby, 1986] . Fuis and Mooney [1990] reinterpreted the available seismic refraction data to construct a crustal cross section for central California.
Structural Setting
One-and three-dimensional velocity models have also been deduced from earthquake travel times for Loma Prieta [Dietz and Ellsworth, 1990 preprint, 1994b] , and the Coyote Lake area [Thurber, 1983] .
None of this earlier work covers the whole of our study area, but nonetheless, in several regions we can compare our velocity models with independent studies. characterized by less frequent earthquakes, some of which are 0f large magnitude; creep has never been measured. 
Tomographic Inversion
We simultaneously inverted earthquake travel time data from local earthquakes to determine both the locations of earthquakes and the 3-D seismic velocity structure of the Earth beneath the seismic array. The damped least squares technique we use for simultaneous inversion was originally developed by Thurber [1983] and was first applied to the Coyote Lake area. The method has been applied to numerous earthquake source regions and is fully described by Eberhart-PhilIips [1990], Thurber [1993] , and Eberhart-PhiIlips [1993] .
The arrival times used in this study were obtained from the Northern California Earthquake Data Center [Romanocwicz et aI., 1994] . The first dense network of seismic stations were installed in this region by the U.S. Geological Survey in 1967, and there have been more than 17,000 events located in the study area by the NCSN in the subsequent 27 years. For the inversions we chose events using restrictive criteria to retain only the best quality data. We first selected the events meeting the following criteria: RMS < 0.20 s, horizontal standard error 
Inversion Results
These results were obtained after 6 iterations, resulting in a reduction of the initial P data variance by 84% from 0.14 to 0.02 s 2. The convergence is rapid with a reduction of 80% being obtained after 3 iterations. Figure 4 In general, our velocity model compares favorably with previous studies, which partially span our study area but which may have used different analysis methods, data sets, and grid spacing. Where differences do occur, they can generally be attributed to the greater resolution provided by our more extensive data set and our finer grid spacing. In addition to the inversion stability tests discussed above, these results give us further cause to believe that the longer-wavelength features we observe are indeed reliable and that many of the shorterwavelength features may also be significant. Earthquake locations. Intuitively, the hypocenters based on a 3-D velocity model should yield an improvement over a 1-D model location. Yet some aspects of the inversion and modeling warrant closer scrutiny. In particular, the approximate ray tracing (ART) through strong lateral velocity gradients may be inadequate.
First, we tested the convergence of our inversion algorithm. Based on the different local velocity models in Figure 3 and table 1 and the ART technique, we calculated synthetic travel times ("syn times") for the 1445 original NCSN hypocenters (the standard U.S. Geological Survey (USGS) locations). These syn times were then inverted to recover the input structure ,and Focal mechanisms. We computed focal mechanisms for all earthquakes with at least 40 P first-motion observations based on the ray parameters resulting from the 3-D relocations. We used a grid-search method [Reasenberg and Oppenheimer, 1985 ] that assumes a double-couple mechanism and weighs each observation by its reading quality and by the amplitude of radiation pattern. The median standard errors in strike, dip, and rake of the resulting set of 3771 mechanisms is 13 ø, 28 ø, and 25 ø , respectively. Because it is not reasonable to portray all of the data, we show representative mechanisms in map view (Figure 11) .
A comparison of the mechanisms in Figure 11 A comparison of initial earthquake locations with those resulting from the tomographic inversion shows that the latter more closely define planes than before. In a number of cases, faults are found to dip at shallower angles than before. Because the first-motion data indicate that laterally refracted energy may not be fully modeled in the 3-D model, the fault dips may result from or be exaggerated by the 3-D ray-tracing method. The new dips when projected to the surface, however, produce a better correlation with the mapped surface faults than before.
From the fault geometry arising from the tomographic study and published estimates of fault slip rates we calculate the expected vertical deformation model for comparison with the present topography. Though significant topographic features in the region were likely to have been generated by faulting that is no longer active, some significant topographic features like the Hollister valley and the northern Salinas valley are predicted by the model. However, where the San Andreas and Calaveras faults diverge, small details of the predicted topography are not observed. We attribute this to small recent changes in the geometry of the triple junction. The broad overall agreement of the model topography with observed large-scale features, however, leads us to conclude that the present style of deformation has persisted for some time.
